Introduction
The Banggai cardinalfish Pterapogon kauderni (Koumans, 1933 ) is a small fish (around 6 cm maximum standard length SL) of the family Apogonidae, first collected by Walter Kaudern (1917 Kaudern ( -1920 
Materials and Methods

Research locations
Field research was carried out at Tinakin Laut, a site in the Banggai Archipelago (endemic distribution, around S 1°36′ and E 123°29′) and at Mamboro in Palu Bay (introduced population, around S 0°47′53″ and E 119°52′).
Both locations can be seen in Fig. 1 . Ex situ research took place in the Laboratory facilities of Tadulako University (UNTAD) and the Sekolah Tinggi Perikanan dan Kelautan (STPL), a private marine and fisheries higher education institute, both in Palu, the capital of Central Sulawesi
Province.
Micro-habitat use
Quantitative observations were made in 2007, using belt (20×5 m) transects, following methods previously used (e.g. in Ndobe et al. 2005) and Adults (SL .＞35 mm). In addition, qualitative obser vations were made from 2007 to 2009 using a swim sur vey method (Hill and Wilkinson 2004) .
Feeding habits
Adult and subadult P. kauderni from Mamboro (30 specimens captured at random) were immediately sacri ficed and weighed. The abdominal cavity was dissected and guts were observed to estimate gut fullness, then they were removed and weighed. The Gut Fullness Index (GFI) used is shown in the legend of Fig. 3 . The contents of each gut were placed in a test tube with a solution of 70% alcohol and gently shaken to separate the components.
The components were then selected using a pipette and placed on microscope slides. A binocular microscope with a magnification factor of 10×4 was used to examine each item. Identification was based mainly on Sachlan (1972) supported by a number of other references.
Reproduction
Adult and subadult specimens (SL 29-66 mm) were captured at random from the Palu Bay population at four phases of the moon: dark/new moon (day 29-1 of the lunar cycle), halffull waxing moon (day 7-8), full moon (day 14-16) and half-full waning moon (day 22-23).
Twenty specimens were taken at each phase, N＝4×20 ＝80. Each specimen was sacrificed, weighed then dissected and the gonad observed to determine the Gonad Maturity Index (GMI) based on Effendie (2002) 
Results
Micro-habitat use
Microhabitat use data are shown in Fig. 2 . The age/size class composition of P. kauderni at Tinakin Laut was similar for all three habitats, with a lower proportion of adult fish compared to the Mamboro population ("% of sample" data set in Fig. 2 ) and all fish observed were associated with one of the three main microhabitat types. Significant habitat and micro-habitat degradation were observed or reported, including destructive fishing and coral mining, predation by Acanthaster plancii, and over fishing including a sharp increase in collection of anemones and Diadema urchins. Reduced P. kauderni popu lation densities and very low numbers of recruits were observed after sea anemones had been harvested by local communities for human consumption (Tinakin Laut) and for ornamental use (Mamboro).
Feeding habits
Gut content was dominated by zooplankton. Gut full ness index (GFI) data is shown in Fig. 3 and gut compo sition data for adult and subadult P. kauderni is shown in 
Reproduction
Gonad development data related to size (based on standard length, SL) are shown in Table 1 and lunar peri odicity data for female P. kauderni are shown in Fig. 5 .
Female gonad maturity peaked during full moon into the third quarter/waning and was lowest during the dark/new moon phase (GSI and GMI). There was no clear pattern in male gonad maturity. A single gonad was apparent in all specimens (Fig. 6) , the female gonad being generally darker in colour. In female P. kauderni with GMI of III or IV, an egg mass was generally observed (19-102 eggs), separate from the gonad and encased in a white egg en velope, with an overall appearance and containing an average number of eggs (56) very similar to that of the egg masses observed in the mouths of brooding males.
There were more males than females in the (randomly obtained) sample for each moon phase (average sex ratio M:F＝1.6:1). The smallest male (SL＝29 mm) observed with GMI ≥ II was smaller than the smallest female (SL ＝33 mm). The smallest male (SL＝43 mm) with GMI III was larger than the smallest female with GMI III (SL＝ 
The effects of salinity
Growth and survival rate data are shown in Fig. 7 . The highest growth rate for juvenile P. kauderni was obtained at 27 ppt salinity, with 100% survival rate. Survival rate was high (90-100%) for all treatments for the first 10 days. Over a 60 day period, below 24 ppt the reduction in survival rate was statistically significant.
Discussion
The micro-habitat use data confirm the hypothesis of an Like the clownfish (Amphiprion sp.), with which they The sample observed in this study was too small to conclude that the unequal sex ratio observed is a general characteristic, even though there were more males than females in the randomly selected sample in every moon phase. Vagelli and Volpedo (2004) concluded that P.
kauderni had a sex ratio of one. However although the difference was not significant using standard statistical tests, in that study also there was an excess of males over females in the sample they obtained. Given that repro duc tive output is limited by male capacity to mouthbrood, a higher number of males would logically result in greater population resilience and capacity for growth. Thus sex ratio is an important parameter for the management of P.
kauderni populations. If sex is environmentally deter mined, the sex ratio could vary in both time and space.
Further research is considered necessary on the sex ratio and mechanisms of sex determination in P. kauderni. habitat conservation should be a major priority for P.
kauderni management, especially the three key micro habitats (Diadema urchins, sea anemones and hard corals), including finding alternatives for human consumption.
Secondly, that fishing activities should be timed to avoid peaks in breeding activity, at least at sites where the timing is known. Thirdly, the findings highlight the need for further research to gain a more comprehensive knowledge of P. kauderni biology and ecology, including many aspects of reproductive biology and population dynamics.
In particular there is a need to establish the factors de termining population resilience to natural and anthro pogenic pressures and develop a P. kauderni population dynamics model, and combine this with socioeconomic data in order to plan and implement ecologically and socially sustainable management.
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